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(57 ABSTRACT

A stator vane structure is disclosed in which a movable
flap is pivotally attached to the stator vane. The flap
extends from an intermediate portion of the vane to the
trailing edge and may be actuated by a lever and cam

mechanism.

8 Claims, 5 Drawing Figures
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STATOR VANE HAVING A MOVABLE TRAILING
EDGE FLAP

BACKGROUND OF THE INVENTION

A gas turbine, such as an aircraft turbojet engine,
typically has an annular array of stator vanes located
immediately upstream of a rotor wheel so as to direct
the gases onto the rotor blades affixed to the wheel.
Such vanes usually have airfoil cross-section with a
concave surface and a convex surface interconnected
by leading edge and a trailing edge portions. In order to
obtain the maximum efficiency from the turbine gases
throughout the wide variation in engine operating pa-
rameters, it 1s necessary to vary the gas flow passing
over the stator vanes.

It is known to vary the cross-sectional area of the gas
flow path between adjacent cooled stator vanes at the
narrowest point (designated as the throat neck) by aero-
dynamic means. However, although these means are
generally achievable at relatively low cost, they lead to
appreciable reductions in the performance and interfere
with the cooling of the vanes.

It is also known to vary the gas flow by mechanical
means. This may involve varying the pitch of the entire
stator vane or a portion of the vane. The pitch vanation,
however, creates problems regarding leakage of the gas
flow as well as regarding the means referred to achieve
adequate sealing.

It is also known to control the gas flow area by incor-
porating a series of flaps between adjacent stator vanes,
which flaps may be extended so as to reduce the height
of the gas flow channel. These flaps, when in their
extended positions, create large areas of turbulent gas
flow which precludes the achievement of optimum
operating efficiency.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide for
the variation of the gas flow cross-section of a turbine
stator vane without incurring the disadvantages of the
aforementioned systems. Each of the stator vanes has a
movable flap attached, thereto which extends, on the
concave side of the airfoil, from an intermediate portion
to the trailing edge of the vane. The flap pivots about a
radially extending axis which extends substantially per-
pendicular to the chord of the vane.

A first cooling chamber may be defined between the
concave and convex surfaces of the vane which extends
from the leading edge portion to an intermediate por-
tion. The movable flap defings, along with a trailing
edge portion of the concave surface, a second cooling
chamber which may communicate with the first cooling
chamber via passages extending through the intermedi-
ate portion. Cooling ribs extend inwardly into the sec-
ond cooling chamber from inner surfaces of the mov-
able flap and the trailing edge portion of the concave
surface.

The stator vane according to the invention makes it
possible to vary the gas flow cross-section with a mini-
mum of aerodynamic losses as the flap is moved be-
tween a retracted, nominal position and an extended
position which reduces the gas flow cross-section.

Further characteristics and advantages of the inven-
tion will become apparent from the following descrip-
tion taken in reference to the attached drawings.
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2
BRIE} DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of the stator vane
according to the invention, taken along line I—1I In
FIG. 2.

FIG. 2 is a partial, cross-sectional view taken along
line H-—II in FIG. 1.

FIG. 3 is a partial view taken in the direction of
arrow III in F1G. 4, partially broken away, showing the
stator vane accordmng to the invention.

FIG. 4 1s a partial view, taken in the direction of
arrow IV in FIG. 3.

FIG. § is a partial, cross-sectional view taken along
line V—V in FIG. 4.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 shows a cross-sectional view of a stator vane
according to the invention in which vane 1 has a mov-
able flap 2 attached thereto via pivot axle 3. Pivot axle
3 extends substantially perpendicularly to the chord of
the vane 1 such that flap 2 may pivot with respect to the
remaining structure of the vane 1. Vane 1 may have an
airfoil cross-section with a first, concave surface 1a and
a second, convex surface 16 joined at a leading edge
portion I¢ and an intermediate portion 1d. The extenor
surface 22 of flap 2 is continuous with the concave
surface 1a such that, when the flap 2 is retracted, as
shown in FIG. 1, a substantially unbroken, concave
surface is defined.

The stator vane 1 may define a first cooling chamber
9 which may be supplied with cooling air via means
which are well known in the art. Typically, relatively
cool air 1s taken from a compressor stage and is directed
toward the interior of the stator vanes. A second cool-
ing chamber 8 1s also defined between an interior sur-
face 6 of trailing edge portion 5 and an interior surface
of flap 2. Cooling ribs 4 extend into the cooling cavity
8 from the interior surface of the movable flap 2 and
serve not only to improve the cooling of this flap, but to
increase its mechanical strength. Cooling fins 7 also
extend into cavity 8 from surface 6 of trailing edge
portion § so as to improve the cooling of this portion of
the stator vane. The widths of the cooling ribs 4 and 7
are such that, when the flap 2 is in its retracted or nomi-
nal position, the cooling ribs overlap as shown in FIGS.
2 and 5. Upstream portions of the ribs 4 and 7 may have
enlarged portions to engage the pivot axle 3 in the form
of a “piano” type hinge. Flap 2 may also extend along
substantially the entire length of the vane 1, and the
coolig ribs 4 and 7 may extend generally parallel to the
chord of the vane.

The intermediate portion 14 of the stator vane may
also define cooling passages 10 and 11 therethrough so
as to facilitate communication of the cooling air from
cooling chamber 9 to cooling chamber 8. The cooling
air passing through passage 10 will serve to cool the
hinge and pivot axle 3 before passing into chamber 8.
Passage 11 allows cooling air to pass over the opposite
side of the hinge and pivot axle 3 before escaping from
the vane in the direction of arrow F shown in FIG. 1.

A slot 12 is defined between the extremeties of flap 2
and a trailing edge portion § when the flap 2 is in 1ts
retracted or nominal position so as to allow cooling air
to escape from chamber 8. Additional cooling air escape
holes 13 are provided 1n flap 2 as shown 1n FIGS. 1, 2,
3 and 4.
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In order to move the flap relative to the stator vane,
the mechanism shown in FIGS. 3, 4 and § may be uti-
lized. The mechanism comprises a lever 15 attached to
the stator vane 1 so as to pivot about axle 16. Axle 16
may be coincedent with pivot axle 3 of the movable flap
2. A first end of lever 15 bears, against a cam member 14
rigidly attached to flap 2. At it second, opposite end
lever 15 defines hole 17 which receive any known actu-
ating mechanisms to cause lever 15 to pivot about axle
16. As best seen in FIG. 3, as the lever 15 pivots in a
clockwise direction, the flap 2 is moved from 1ts re-
tracted or nominal position, shown in solid lines in FIG.
3, to an extended position, shown in dashed lines In
FIG. 3. Movement of the flap 2 in this direction serves
to restrict the gas flow between the stator vane to which
the flap is attached and a stator vane adjacent to the
concave surface of this vane. It is possible to affix each
of the levers 15 in an array of stator vanes to a common,
rotatable ring such that each of the movable flaps may
be simultaneously actuated. The movement of the con-
trol ring may be controlled by known hydraulic or
pneumatic cylinders.

The foregoing description is provided for illustrative
purposes only and should not be construed as in any
way limiting this invention, the scope of which is de-
fined solely by the appended claims.

What is claimed 1s:

1. a turbine stator vane comprising:

(a) a first wall defining a first, concave surface the

first wall having a chord dimension d;

(b) a second wall attached to the first wall to form a
leading edge portion of the stator vane, the second
wall defining a second, convex surface; an interme-
diate portion so as to define a first cooling chamber
with the first wall and further defining a first trail-
ing edge portion, the second wall having a chord
dimension d’ such that d'>d;

(c) a movable flap having an upstream portion, a
second trailing edge portion and a third, concave
surface;

(d) attaching means to pivotally attach the upstream

portion of the flap to the intermediate portion of

the second wall such that the first and third con-
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4

cave surfaces are substantially continuous, that the
flap is movable &bout an axis extending generally
perpendicular to a chord of the stator vane and
such that a second cooling chamber is defined by
the intermediate portion, and the first and second
trailing edge portions; and,

(e) means to move the flap about the axis.

2. The stator vane according to claim 1 further com-
prising:

(a) at least a first cooling rib extending from the first
trailing edge portion into the second cooling cham-
ber; and, |

(b) at least a second cooling rib extending from the
second trailing edge portion into the second cool-
ing chamber.

3. The stator vane according to claim 2 wherein the
first and second cooling ribs extend generally parallel to
the chord of the stator vane.

4. The stator vane according to claim 3 wherein the
widths of the first and second cooling ribs are such that
they overlap each other at least at one extreme position
of the movable flap.

§. The stator vane according to claim 1 further com-
prising at least one cooling passage defined by the inter-
mediate portion so as to interconnect the first and sec-
ond cooling chambers.

6. The stator vane according to claim 1 wherein the
first and second trailing edge portions define a slot
therebetween so as to allow cooling air to exit from the
second cooling chamber.

7. The stator vane according to claim 6 further com-
prising at least one exit hole defined by the movable flap
so as to allow cooling air to exit from the second cool-
ing chamber.

8. The stator vane according to claim 1 wherein the
means to move the flap comprises:

(a) a lever pivotally attached to the stator vane, the

lever having a first end; and,

(b) a cam member attached to the flap and bearing
against the first end of the lever such that as the
lever is pivoted, the flap is caused to move about its
axis.

¥ W X * W



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

. A TENT NO. 4,705,452
DATED 2 November 10, 1987
INVENTOR(S) Georges KARADIMAS

It is certified that error appears in the above—identified patent and that said Letters Patent
IS hereby corrected as shown below:

Col. 1, line 11, should read, "have an airfoil cross-section";
Col. 1, line 20, "throat neck" should be --throat--;

Col. 1, line 29, "referred" should be --required--;

Col. 1, line 44, the comma after "attached" should be deleted;

Col. 3, line 7, "At it" should be --At its--;

Col. 3, line 8, "which receive", should be --which may receive--.

Signed and Sealed this
Twenty-eighth Day of June, 1988

Attest:

DONALD J. QUIGG

Attesting Officer Commissioner of Patents and Trademarks
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